Aim: This meta-analysis aimed to determine the effect of aerobic training, compared to non-aerobic interventions, on vascular and metabolic risk factors for recurrent stroke. Method: This study was conducted using the Preferred Reporting Items for Systematic Review and MetaAnalysis guidelines (PRISMA). Searches were performed in PubMed, Embase, Cochrane library and Cinahl up to May 8 th 2019. Randomized clinical trials evaluating the effect of solely aerobic training on vascular and metabolic risk factors for recurrent stroke were included in a meta-analysis if relevant outcomes were reported in at least two articles. Results: Our search resulted in a total of 7381 hits. Eleven outcomes out of nine articles were included in the meta-analysis. A significant positive effect of aerobic training was found on systolic blood pressure (À3.59 mmHg, 95% CI À6.14 to À1.05) and fasting glucose (À0.12 mmol/l, 95% CI À0.23 to À0.02). The effect on systolic blood pressure further improved when only high-quality studies were included (À4.95 mmHg, 95% CI À8.24 to À1.66). Conclusion: Aerobic training results in a significant positive effect on systolic blood pressure and fasting glucose after stroke when compared to non-aerobic usual care or non-aerobic exercise.
Introduction
Stroke is one of the leading causes of death and disability with 79.6 million people worldwide living with stroke and 13.7 million new cases in 2016 [1] [2] [3] [4] . Previous stroke or transient ischemic attack (TIA) is a strong risk factor in itself for recurrent stroke [5] . Recurrent stroke often results in an accumulation of physical and cognitive disabilities and further loss of quality of life [6, 7] . Therefore, secondary prevention after stroke is essential.
There are many factors contributing to the risk of recurrent stroke, of which some are modifiable. Hypertension is the strongest attributable modifiable risk factor for stroke [8] . A reduction of 5.1 mmHg in systolic blood pressure (SBP) is associated with a 22% reduction in the odds of having a recurrent stroke, and a reduction of 10 mmHg is associated with a risk reduction of 31% [9, 10] . However, only 10.6% of American adults with a history of stroke or myocardial infarction achieve control of their vascular risk [5] . Therefore, the risk for recurrent stroke remains high and an urgent need exists to improve the quality of secondary prevention after stroke [11] .
Several systematic reviews have addressed exercise as secondary prevention after stroke. These reviews all included studies in which the intervention existed of a combination of aerobic training with strength exercise and/or lifestyle interventions [12] [13] [14] [15] . D'Isabella et al. found that combined aerobic training and strength exercise has a risk reducing effect on several vascular risk factors after stroke [15] . However, the effects of isolated parts of these multi-domain interventions is not clear. Additional evidence regarding the effectiveness of isolated interventions could help to optimize prevention programs. In their review, D'Isabella et al. concluded that additional research is needed to differentiate the effectiveness of exercise type and dose-response relationship of included interventions [15] .
There is some evidence available regarding the effectiveness of solely aerobic training as secondary prevention. Aerobic training can be any physical training that depends primarily on the aerobic energy-generating process, on the condition that it is of sufficient intensity to maintain or improve physical fitness [16] . Aerobic training is usually performed at target heartrates between 50-85% of heart rate reserve for at least 20 min per session [17, 18] . Aerobic training is proofed to have a positive effect on blood pressure in hypertensive patients without comorbidities [19] . Furthermore, several clinical trials have analyzed the effect of solely aerobic training on risk factors after stroke [20] [21] [22] [23] . The findings of these trials suggest that aerobic training could have a risk reducing effect on several vascular or metabolic risk factors (e.g., blood pressure, heart rate, insulin or lipid profiles). To date, however, there has been no systematic review of this evidence and it remains uncertain which risk factors can be targeted by aerobic training and to which extend. Therefore, this systematic review aims to determine the effect of solely aerobic training on vascular and metabolic risk factors for recurrent stroke.
Methods

In-and exclusion criteria
Studies were eligible for this review if the following inclusion criteria were met: (1) Randomized controlled trial (RCT) study design; (2) participants' age !18 years; (3) clinical diagnosis of stroke or TIA; (4) interventions consisted of aerobic training; (5) comparison with usual care without aerobic training or other non-aerobic training (i.e., training without prolonged periods in which maximum heart rate exceeds 50% of heart rate reserve); (6) evaluating the effect of aerobic training (compared to non-aerobic interventions) on vascular or metabolic risk factors for stroke and (7) full-text article available in Dutch or English. Studies were excluded in case of (1) a combination of therapies within the intervention group and (2) when the reported outcomes were not reported in any other included article (and consequently pooling for meta-analysis was not possible). As primary outcomes we analyzed systolic blood pressure, diastolic blood pressure (DBP) and resting heart rate (RHR). As secondary outcomes we planned to include all other vascular and metabolic risk factors for recurrent stroke that were identified by our search.
Literature search
The reporting of this systematic review was conducted in accordance with the PRISMA guidelines for systematic reviews [24] . Searches were performed in PubMed (1966 to present), Embase (1947 to present), Cochrane library (1993 to present) and Cinahl (1982 to present) up to May 8 th 2019. The search strategy consisted of four components: 1) stroke; 2) aerobic training; 3) secondary prevention and 4) vascular/metabolic risk factors. For the stroke component, the search string as described by Veerbeek et al. [25] was used, which was extended with a search string for TIA. Our search aimed to identify all relevant vascular and metabolic risk factors for recurrent stroke. Known relevant vascular and metabolic risk factors (e.g., blood pressure, hemodynamics, insulin or lipid profiles) were included in the search string and possible relevant studies were screened to identify additional relevant risk factors. The search strategy was formulated in PubMed and adapted for use in other databases (see supplementary material). Reference lists of included studies and relevant systematic reviews were screened to check for additional relevant publications by one researcher (RB).
Study selection procedure
Study selection was performed in two steps by two independent reviewers (RB and RW). After all duplicates were identified and removed, remaining studies were first screened by title and abstract. After that, relevant full-text articles were obtained and screened for eligibility. Disagreements about the eligibility of a study were resolved by consensus. In case of doubt of eligibility of studies, the authors of the study were contacted to obtain additional information.
Methodological quality
The methodological quality of included studies was rated independently by two reviewers (RB and CO) using the PEDro scale [26] . Afterward, PEDro scores were compared, and any disagreements were solved by consensus. The PEDro scale consists of 11 items to rate internal-and external validity. Each item is given a score of 0 or 1. The total count of all item scores, except for item 1, gives an overall score between 0 and 10. A score of 3 is considered as poor quality, 4-5 is considered as fair quality, 6-10 is considered as high quality [26] .
Data extraction
One reviewer (RB) extracted the following information from the included publications: author, publication year, sample size, diagnosis and time since onset. Descriptive data regarding frequency, intensity, time and type (FITT principle) [27] of the intervention were extracted to the intervention characteristics table. Furthermore, all identified relevant outcomes were extracted to a data table. Mean change scores and standard deviations of variables that were included in the meta-analysis was then extracted to RevMan 5 (Review Manager version 5.3) [28] by one researcher (RB). If mean change scores were not reported, study authors were contacted to obtain additional information. When mean change scores could not be obtained, the missing data was calculated from post-intervention data, according to the recommended methods described in the Cochrane handbook version 5.1 [29] .
Meta-analysis
Relevant outcomes were pooled for meta-analysis when at least two studies reported an outcome variable. Data regarding sample size, mean change from baseline scores and the standard deviation were extracted to Review Manager version 5.3 [28] . In case this data was not presented in studies, study authors were contacted to ask whether data was available. All meta-analysis were performed using an inverse variance model, random effects and mean difference analysis (95% confidence interval). Forest plots were used to estimate the effect size. Sensitivity analyses were performed using only high-quality studies (PEDro scores !6) and studies with a shorter intervention period (6-12 weeks). Measures for heterogeneity (I 2 ) were reported for each outcome measure, and funnel plots were visually inspected to assess for publication bias. I 2 was considered to be low ( 25%), moderate (26-75%) or high (>75%) [30] .
Results
The search strategy resulted in a total of 7381 hits, of which 6659 remained after removing duplicates. Three additional articles were included by hand searching reference lists of relevant studies. After screening for title and abstract 44 articles remained. After full-text screening, a total of eleven articles were eligible for inclusion. Meta-analyses were performed on an outcome that was reported by at least two articles. The outcomes of two articles [31, 32] were only reported once and therefore could not be pooled in a meta-analysis. Hence, nine articles were included in the meta-analysis (Figure 1 ) [20] [21] [22] [23] [33] [34] [35] [36] [37] . Reasons for exclusion were: combined therapies (N ¼ 22); no RCT study design (N ¼ 7); no relevant outcome measures (N ¼ 5) and no full-text article available (N ¼ 1).
Methodological quality
The methodological quality of included studies ranged from four to eight out of ten on the PEDro scale ( Table 1) . None of the studies were rated as poor methodological quality, four studies were rated as fair methodological quality [20, 21, 36, 37] , and five studies were rated as high methodological quality [22, 23, [33] [34] [35] . Most common causes for risk of bias in individual studies were lack of concealed allocation, lack of blinding of subjects, therapists or assessors, relatively large amounts of missing data within key outcomes and no reported intention-to-treat analysis.
Data extraction
Detailed study characteristics and intervention characteristics are presented in Tables 2 and 3 . All included studies were randomized clinical trials. Sample size ranged from 20 to 128 participants with a total included sample of 527 participants. Time after stroke 
1. Eligibility criteria were specified; 2. Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in which treatments were received); 3. Allocation was concealed; 4. The groups were similar at baseline regarding the most important prognostic indicators; 5.
There was blinding of all subjects; 6. There was blinding of all therapists who administered the therapy; 7. There was blinding of all assessors who measured at least one key outcome; 8. Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; 9. All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analysed by "intention to treat"; 10. The results of between-group statistical comparisons are reported for at least one key outcome; 11. The study provides both point measures and measures of variability for at least one key outcome.
or TIA at inclusion differed from less than one week up to and over one year. Seven studies aimed to exercise at 50-90% of heart rate reserve. One study aimed to exercise at maximum attainable level [20] and one study aimed to exercise 10 to 15 on the Borg scale of perceived exertion [37] . Duration of the intervention differed from six weeks to six months. In the majority of the studies (n ¼ 7) participants exercised three times a week, in one study two times and in one study five times a week (Table 3 ). All studies reported pre-and post-intervention mean and standard deviation scores. Three studies also reported mean and standard deviation of change from baseline.
Meta-analysis
In total, nine studies (N ¼ 527) [20] [21] [22] [23] [33] [34] [35] [36] [37] were included in the meta-analysis. We identified a total of 44 vascular or metabolic outcome variables that were reported in the eligible studies. Eleven of these outcomes were reported by at least two studies and were therefore included in the meta-analysis (Table 4 ). The primary outcomes SBP and DBP were reported in six studies, the primary outcome RHR was reported in seven studies.
The meta-analysis can be found in Figure 2 and Table 4 (forest plots of secondary outcomes as Supplementary Material). The meta-analysis of our primary outcomes showed a significant positive effect of aerobic training on SBP (À3.59 mmHg, 95% CI À6.14 to À1.05). The meta-analyses of secondary outcomes only yielded a significant result in fasting glucose (À0.12 mmol/l, 95% CI À0.23 to À0.02). The results for SBP further improved (À4.95 mmHg 95%, CI À8.24 to À1.66) when only high-quality studies were included (PEDro !6). Furthermore, the results for SBP also remained significant when only trials of shorter duration ( 12 weeks) were included (À3.79 mmHg, 95% CI À6.75 to À0.83). However, the results for fasting glucose were non-significant when we only included only high-quality studies (À0.09 mmol/l, 95% CI À0.26 to 0.08) and also when we only included trials of shorter duration (À0.13 mmol/l, 95% CI À0.28 to 0.02). The meta-analysis of all other outcomes were nonsignificant.
Low heterogeneity was observed within the outcome fasting glucose (I 2 ¼3%), as well as HDL cholesterol (I 2 ¼0%), LDL cholesterol (I 2 ¼0%) and peripheral pulse pressure (I 2 ¼0%). Moderate to high heterogeneity was observed in all other outcomes (range I 2 :
35-95%). Visual inspection of funnel plots did not result in any indication for publication bias.
Discussion
In this study, we explored the effect of aerobic training on vascular and metabolic risk factors for recurrent stroke. Our results show a statistically significant risk-reducing effect of aerobic training on SBP and fasting glucose compared to (non-aerobic) usual care or non-aerobic exercise. The effects of aerobic training on all other vascular and metabolic risk factors were non-significant. Our study is the first review to evaluate the effect of solely aerobic training on vascular and metabolic risk factors for recurrent stroke. To get a broad picture of available evidence, we decided to include all vascular and metabolic risk factors which were identified by our search. This resulted in a total of 44 reported outcomes. Eleven outcomes were reported in at least two articles and therefore could be included in the meta-analysis. Our analysis yielded a significant effect of aerobic training on SBP and fasting glucose, which is particularly relevant since high blood pressure is one of the strongest risk factors for both first and recurrent stroke [38, 39] . SBP seems to add more to the risk for stroke than DBP [40] . A systolic blood pressures reduction of 5.1 mmHg was associated with a 22% reduction in the odds of having a recurrent stroke [10] . In our review, four out of six studies found a reduction in systolic blood pressure >5.1 mmHg. Furthermore, fasting glucose is also an independent risk factor for first-ever stroke [41] and for vascular changes like arterial stiffness [42] , although it seems to contribute more specifically to the risk of ischemic stroke and less to intracerebral hemorrhagic stroke [43] . The fact that we found a significant effect on both SBP and fasting glucose shows that aerobic training is an important aspect of secondary prevention after stroke. Three previous reviews have addressed the topic of exercise as a secondary prevention strategy after stroke. The review of Saunders et al. reported no significant effect of aerobic training on SBP and DBP. However, they included a combination of exercise and lifestyle interventions, and some relevant studies were not included in their review. Furthermore, they did not include any other vascular or metabolic risk factors besides SBP and DBP [13] . The review of Wang et al. [12] reported a significant result of combined aerobic training and resistance exercises on both systolic blood pressure (À4.30 mmHg, 95% CI À6.77 to À1.83) and diastolic blood pressure (À2.58 mmHg, 95% CI À4.71 to À0.46). The review of D'Isabella et al. did find significant effects of exercise training both with and without lifestyle coaching. The significant results of combined aerobic training and strength exercise on SBP (À2.51 mmHg, 95% CI À4.72 to À0.30) and fasting glucose (À0.15 mmol/l, 95% CI À0.28 to À0.02) in their meta-analysis are comparable to our results with only aerobic training. Therefore, our results seem to indicate that aerobic training is a valuable risk-reducing intervention after stroke, even without the addition of strength exercises or lifestyle coaching. In their analysis of combined exercise, D'Isabella et al. also reported a significant effect on HDL cholesterol (0.13 mmol/l, 95% CI 0.05 to 0.21), which was non-significant in our analysis of solely aerobic training (0.02 mmol/l, 95% CI À0.05 to 0.08). The significant effect that they found might have been caused by the addition of strength exercise in their analysis. Fasting insulin and HDL cholesterol were also significant within the analysis of combined exercise therapy and lifestyle coaching in their review. This indicates that some of the risk factors that were non-significant in our analyses are probably more receptive to other lifestyle factors like nutrition or strength exercise [44] . A tailored approach of secondary prevention, personalized to the specific risk factors of the individual patient, might improve the effectiveness of secondary prevention programs.
Other outcomes which were analyzed in our review yielded no significant results. This could have been caused by a small number of included studies and participants or by the moderate to high heterogeneity that was present in most outcomes (Table 4) . However, DBP, resting heart rate, total cholesterol, LDL cholesterol, and triglycerides were also non-significant in the study of D'Isabella et al.
Current secondary prevention programs are usually facility based, partly because of the need for professional guidance and materials used for strength exercise. However, previous studies have identified the costs of the program as well as availability and accessibility of the facility as two of the main barriers to engage in physical activity after stroke [45, 46] . Furthermore, patients often stop exercising when the prevention program is completed, thereby reversing the progress that they have made during the program. An advantage of aerobic training is its potential to be executed in the home environment, therefore making it easier for patients to self-manage their risk factors. Patients can be incited to accomplish a lasting change in lifestyle and reduce long-term risk for recurrent stroke. Hence, aerobic training seems to contribute significantly to the effectiveness of secondary prevention programs after stroke. The studies included in our review used relatively small study samples. Between studies, there was considerable diversity in stroke severity, time since stroke onset and duration of the intervention. While all intervention groups did execute training within the aerobic range of 50 to 85% of heart rate reserve, There was a considerable difference in the training intensity (Table 3 ). The training programs of the included studies were comparable in frequency, time and type of training. All included studies included a reasonable description of the FITT principle of the intervention (Table 3) . Additional sensitivity analyses were performed to compensate for differences in the duration of the intervention and methodological quality of the studies. However, due to the limited number of included studies it was not possible to perform a sensitivity analysis for training intensity. The impact of training intensity on the effectiveness of aerobic training as secondary prevention after stroke is an interesting and relevant topic for future research. Sensitivity analyses with only high-quality studies (PEDro score ! 6) did lower I 2 in most cases, and caused an increase in effect within the outcome SBP (mean differences from À3.59 to À4.95). Three out of nine included studies reported standard deviation of change from baseline. The calculation of change scores of other included studies from pre-and post-intervention standard deviation scores was performed according to the methods described in the Cochrane handbook [29] . To optimize the possibility for study data to be included in meta-analyses, authors should consider to report both pre-and post-intervention data and change from baseline data.
Conclusion
Aerobic training results in a significant risk reducing effect on SBP and fasting glucose after stroke when compared to (non-aerobic) usual care or other non-aerobic exercise. Future research should examine optimal dose-response relationships and long term effects of aerobic training, as well as the optimum combination of therapies to target specific risk factors for stroke, in order to enable secondary prevention programs to be tailored to the needs of individual patients.
